Electrodeposition technique provides an easy way to produce magnetic thin films. Magnetic thin films are extensively used in various magnetic induction writing heads, magnetic MEMS devices and other magnetic sensing devices. Thus we have synthesized CoMnP thin films from aqueous bath with organic additive saccharin using electrochemical deposition technique and examined its magnetic properties. The electrochemical deposition method is especially interesting due to its low cost, high throughput and high quality of deposit. The CoMnP alloys were electrodeposited galvanostatically for various composition of the bath solution and for various concentration of the additive saccharin. The effects of electrodeposition condition and organic additive saccharin on the magnetic properties of CoMnP thin films were investigated. Structure and the Morphology of the film were studied using XRay diffractometer (XRD) and scanning electron microscopy (SEM). Elemental compositions of the film were studied using energy dispersive X-Ray Spectroscopy (EDS). Magnetic properties of the deposited films were studied using Vibrating sample Magnetometer (VSM). SEM measurement indicated that the surface morphology was affected by the nature of the organic additives to a large extent. CoMnP films formed under optimized conditions are found to be polycrystalline in nature with hcp structure. Moreover, it was obvious that the presence of organic additive saccharin, in the electroplating bath, modified the magnetic properties of the CoMnP thin films according to the VSM measurements.
INTRODUCTION
Magnetic thin films have received increasing attention over last decade due to their potential application in magnetic induction writing heads [1] [2] [3] [4] [5] , magnetic MEMS devices 6, 7 and other magnetic sensing devices. Co base alloy thin films are promising candidates for high density magnetic recording media. Co based thin films can be prepared by the chemical deposition technique which make them particularly attractive for commercial application since the deposition rate is much faster than the other methods. It is well known that the magnetic properties of these film strongly depend on the micro structure, features such as grain size, film thickness and crystallographic texture [8] [9] [10] [11] [12] . The micro structure is controlled by the deposition conditions such as the pH, current density and temperature of the plating bath. Hence there are several detailed studies which correlate the magnetic properties and the deposition conditions 13, 14 . Various studies have been carried out to develop magnetic thin films, which have hard magnetic properties 15 . Numerous studies have been carried out to investigate binary and ternary Co based iron group magnetic thin films, they mostly focused on the mechanism of anomalous codeposition, the effect of various additive, effect of plating and the corrosion properties. To our knowledge, there have been few detailed studies on Co based films prepared using electrodeposition [16] [17] [18] [19] . The present work was to study the effect of electrodeposition conditions and additives on the magnetic properties of CoMnP thin films.
MATERIAL AND METHODS
CoMnP thin films were electrodeposited from chloride baths. Table I . The bath was operated at 3.0 A dm -2 After electrocleaning, the substrates were rinsed in distilled water. The CoMnP alloys were electrodeposited for various composition of the bath solution A1, A2, B, B1, B2 and for various concentration of the additive saccharin. CoMnP films were electrodeposited at constant pH value 3 by varying the current densities ( 3,5 and 7 mAcm -2 ) for various time durations ( 15, 30 and 60 Minutes ). The thickness of the deposition was tested using digital micrometer. Magnetic properties of the depositied films were studied using Vibrating sample Magnetometer ( VSM ).XRay diffractometer ( XRD ) was used to study the crystal structure and grain size. Scanning electron Microscope ( SEM ) was used to study the morphology of these magnetic films.
RESULTS AND DISCUSSION
Elements present in the film were analyzed by energy dispersive X-ray spectroscopy (EDS) and the results are shown in Table 1 . It was observed that all the films obtained from various baths had less than 2.0% phosphorous. Even with low phosphorous content the films showed high magnetic properties. The improved crystalline structure of CoMnP films was due to the addition of saccharin in the various baths. Elements present in the film were analyzed by energy dispersive X-ray spectroscopy and the results are shown in table 2.
Electro deposited CoMnP films were subjected to XRD studies. X-ray Diffraction patterns of various CoMnP electrodeposits produced from various current densities 3, 5 and 7 mA cm 12 , it is learnt that the film stress will shift XRD peaks. The crystalline sizes of the deposits Electrodeposition studies are carried out for different bath compositions and for different bath conditions. Table III to VIII shows the results of electrodeposition of CoMnP and their magnetic properties. The thickness of the film for various current densities and time of deposition are also shown in table III to VIII. The magnetic properties of the film were found to increase with current density and duration of deposition. The effect of addition of saccharin in to all the baths along with NaH 2 PO 2 was investigated. The magnetic properties of the thin film improve significantly upon adding low concentration the additive saccharin. Under the best condition involving addition of 0.2M of NaH 2 PO 2 and 2 g-l -1 of saccharin at a current density of 7 mA-cm -2 and time of deposition 60 minutes, the thickness of the film was found to be 7.7 micrometer with coercivity 1700 Oe and remanent 0.318 emu. With further increase in NaH 2 PO 2 concentration, the thickness of the film found to be 7.6 micrometer with coercivity value of 950 Oe and remanent value of 0.19 emu. Increase in magnetic properties of the films is mainly due to saccharin. The electrodeposited films were uniform and bright. The saccharin molecules are found to have leveling effect, which ensures uniform orientation of crystals during electrodeposition. On increasing the concentrartion of NaH 2 PO 2 and saccharin, the magnetic properties of the film decreased because of the stress present in the films. Stress is caused by the inclusion of decomposed products of additives.
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d = meter βCosθ Where, λ is the wavelength of radiation. λ Cu = 1.54056 Å. β is full width at half maximum (FWHM in radians). è is the position of the maximum diffraction. The values obtained clearly shows that the crystalline sizes are in nanoscale. (111) and (201) Plane peak in the data for films obtained from bath A and bath B were shifted because of film stress. From literatures, It is known that film stress
CONCLUSIONS
CoMnP thin films could be successfully deposited by electrochemical deposition technique. Effect of deposition condition and saccharin concentrations in the starting solution ( Bath A and B )on the formation of CoMnP thin films was investigated. The concentrations of the constituents Under the best condition involving addition of 0.2M of NaH 2 PO 2 and 2 g-l -1 of saccharin at a current density of 7 mA-cm -2 and time of deposition 60 minutes, the thickness of the film was found to be 7.7 micrometer with coercivity 1700 Oe and remanent 0.318 emu.. (201) Plane peak in the data for films obtained from bath A and bath B were shifted because of film stress. From literatures, It is known that film stress will shift XRD peaks 12 . Stress was low for bath A1 and B1 which contains 2 gL -1 of saccharin. It increased on increasing the concentration of saccharin to 4 gL -1 in the baths A2
and B2. It is because of incorporation of decomposed products of additive in to the film.. The CoMnP alloy deposited from the chloride bath can further be studied for its corrosion properties. CoMnP thin films can be synthesized from various additives such as urea and thiourea using electrochemical deposition technique and its magnetic properties can be examined for better magnetic properties.
